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(54) PRODUCTION OF FLOAT GLASS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a process for 
producing float glass which decreases tin oxide defects. 
SOLUTION: The oxygen concentration in molten tin is 
controlled below the saturated solubility of the oxygen 
with respect to the molten tin in all places in a tin bath 
by such a method of withdrawing part of the molten tin 
in the tin bath 1 from a molten tin withdrawable port 8 
and removing the oxygen dissolved in the molten tin in a 
tin oxide removal vessel 3, then returning the molten tin 
from a molten tin return port 9 into the tin bath 1. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 




1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]In a manufacturing method of a float glass which floats melting glass on molten metal in 
a molten-metal bath, and manufactures sheet glass, A manufacturing method of a float glass 
which controls an oxygen density in molten metal in a molten-metal bath to less than saturation 



solubility of oxygen to molten metal at all the places in a molten-metal bath. 

[Claim 2]By returning to a molten-metal bath after removing oxygen which extracts some molten 
metal in a molten-metal bath from a molten-metal bath, and is dissolving it in extracted molten 
metal, A manufacturing method of the float glass according to claim 1 which controls an oxygen 
density in molten metal in a molten-metal bath to less than saturation solubility of oxygen to 
molten metal at all the places in a molten-metal bath. 

[Claim 3]Are less than minimum temperature of molten metal in a molten-metal bath, and molten 
metal which extracted and extracted some molten metal in a molten-metal bath from a molten- 
metal bath is cooled to a temperature higher than a coagulating point of molten metal, Next, by 
returning in [ after removing a metallic oxide which exists in inside of molten metal generated 
and extracted by the reaction of molten metal and oxygen, or the surface ] a molten-metal bath, 
A manufacturing method of the float glass according to claim 2 which controls an oxygen density 
in molten metal in a molten-metal bath to less than saturation solubility of oxygen to molten 
metal at all the places in a molten-metal bath. 

[Claim 4]A manufacturing method of the float glass according to claim 3 which removes said 
metallic oxide by filtration. 

[Claim 5]A manufacturing method of the float glass according to claim 3 removed by making it 
react to a substance which reacts to a metallic oxide and evaporates said metallic oxide, and 
making it evaporate. 

[Claim 6]Claims 1-5 which are tin are [ said metal ] the manufacturing methods of a float glass 
of a description either. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of a float glass which 

reduces the fault originating in metallic oxides, such as a tin oxide fault. 

[0002] 

[Description of the Prior Art]In manufacture of a float glass, it is important to reduce the 
dissolutions of oxygen to melting tin in tin bath. It is because one of Reasons causes [ that the 
oxygen which dissolved into melting tin adheres to the undersurface or the upper surface of a 
float glass, and serves as a product fault / of tin oxide ] generation. 

[0003]In order to prevent contact of melting tin in tin bath, and oxygen conventionally, tin bath is 
made as much as possible into sealed structure. In order to prevent invasion of air, the nitrogen 
gas of a high grade is blown as a controlled atmosphere for protection, and in order to remove 
oxygen in a small amount of air which still invades in addition, some hydrogen gas is blown 
simultaneously. In order to prevent invasion of oxygen in the air, the pressure of the controlled 
atmosphere for protection in tin bath is high set up a little rather than the atmospheric pressure 
of the tin bath exterior. 



[0004] 

[Problem to be solved by the inventionjln recent years, tin oxide fault reduction much more for 
the improvement in a manufacturing yield is called for. In order to meet this demand, it is 
necessary to take the direct method of removing the oxygen itself dissolved in melting tin, and 
reducing the oxygen density in melting tin in tin bath. 

[0005]If it was in the manufacturing method of the float glass currently performed conventionally, 
reduction of the dissolutions of oxygen to melting tin was aimed at by reducing the oxygen 
density of the melting tin upper part in tin bath. However, as a method of reducing the 
concentration of the oxygen which has once dissolved in melting tin, this method is indirect, and 
the effect is restrictive. This invention aims at offer of the manufacturing method of the float 
glass which solves the above problem. 
[0006] 

[Means for solving problem]In the manufacturing method of the float glass which this invention 
floats melting glass on the molten metal in a molten-metal bath, and manufactures sheet glass, 
The manufacturing method of a float glass which controls the oxygen density in the molten metal 
in a molten-metal bath to less than the saturation solubility of oxygen to molten metal at all the 
places in a molten-metal bath is provided. 
[0007] 

[Mode for carrying out the inventionjln manufacture of a float glass, the metallic oxide which 
melting tin is usually used as molten metal, and becomes a problem as a product fault is tin 
oxide. Below, the case where the metallic oxide which becomes a problem as a product fault is 
tin oxide is described, using melting tin as molten metal. The molten-metal bath or tin bath in 
this invention is a tub of sealed structure in general. 

[0008]In this invention, the oxygen density in melting tin in tin bath is made into less than the 
saturation solubility of oxygen to melting tin at all the places in tin bath. Thereby at any places 
of tin bath, oxygen cannot be in a supersaturation state. Therefore, generating of the tin oxide 
which supersaturation oxygen reacts to melting tin and generates can be prevented. 
[0009]The saturation solubility of oxygen to melting tin decreases with a temperature fall, and is 
called for from the lower type based on Trans. Faraday Soc. and 61(1 965)451 -page (4) type. In a 
lower type, c is the saturation solubility of oxygen of atomic % display, and T is the temperature 
of an absolute temperature display. 
[0010] 

[Mathematical formula 1]log^Q[(1-c) ^^^c] =-5670/T+4.12 [001 1] In order to make the oxygen 

density in melting tin in tin bath into less than saturation solubility at all the places in tin bath, it 
is preferred to extract some melting tin in tin bath from tin bath, to discharge the oxygen which 
is dissolving in melting tin out of melting tin, and then to return melting tin to tin bath. By being 
aimed at [ some / not the whole but ] melting tin, the oxygen density in melting tin can be 
reduced efficiently. 

[0012]In this invention, the method of making the oxygen density in melting tin in tin bath less 
than saturation solubility at all the places in tin bath, i.e., the method of using that the saturation 
solubility of oxygen to melting tin decreases with a temperature fall, is explained below. This 
method extracts melting tin in tin bath, is less than the minimum temperature of melting tin in tin 
bath, and cools it to a temperature higher than the melting point of tin, the tin oxide which exists 
in the inside of melting tin or the melting tin surface next is removed, and the melting tin 
extracted next is returned in tin bath. 

[0013]Under the present circumstances, by being less than minimum temperature of melting tin 
in tin bath, and cooling extracted melting tin to a temperature higher than the melting point of 
tin, oxygen which is dissolving more than saturation solubility to minimum temperature of melting 
tin in tin bath reacts to tin, becomes tin oxide, and removes this tin oxide. As a result, as for an 
oxygen density of melting tin returned in tin bath, less than saturation solubility becomes at all 
the places in tin bath. As a method of removing tin oxide, a method A of using filtration and a 
method B of using a chemical reaction are mentioned. 

[001 4]A substance which cannot react to melting tin easily must be used for filtration of a 



method A. What uses lithium aluminium silicate as the main ingredients from this viewpoint. It is 
preferred to use a ceramics filter which consists of a substance chosen from a group which 
consists of what uses as the main ingredients what uses alumina as the main ingredients, a thing 
which uses aluminium silicate as the main ingredients, a thing which uses cordierite as the main 
ingredients, and silicon carbide. It is determined from viewpoints of a thermal shock, stress, etc. 
which a ceramics filter receives which substance is used. 

[0015]For example, if a ceramics filter with small size does not have stress concentration at a 
stationary type, and a mechanical strength is not needed so much, and it is used into tin, dipping 
thoroughly, there is little restriction to a thermal expansion characteristic, and if it is use at 
around 600 more **, high temperature strength will also be small and will end. In this case, it is 
enough if what uses inexpensive aluminium silicate as the main ingredients is chosen. 
[001 6]0n the other hand, in the case of working or big size, use of what needs to raise a 
mechanical strength since stress concentration occurs, and uses silicon carbide as the main 
ingredients is preferred. When using it at further hot about 1 100 **, it is preferred to use what 
needs to raise high temperature strength and uses alumina as the main ingredients. When 
flooding some ceramics filters with melting tin, use of what needs to make a coefficient of 
thermal expansion small in order to prevent destruction by the thermal expansion difference of a 
ceramics filter and melting tin, and uses lithium aluminium silicate or cordierite as the main 
ingredients is preferred. 

[0017]As for melting tin, since surface tension is high, in order to obtain sufficient filtration 
performance, average pore sizes are 600 micrometers - 2000 micrometers, and it is preferred 
that porosity uses the ceramics filter which is not less than 60%. When an average pore size is 
less than 600 micrometers, pressure loss is too large and melting tin has a possibility that a 
ceramics filter cannot be passed. When an average pore size exceeds 2000 micrometers, there is 
a possibility that the tin oxide which should be filtered may pass. When porosity is less than 60%, 
pressure loss is too large and melting tin has a possibility that a ceramics filter cannot be 
passed. 

[0018]The method B makes the substance and tin oxide which react to tin oxide and are 
evaporated react, and discharges the resultant outside. React to tin oxide and the resultant as a 
substance used as a gas. Ammonium chloride, an ammonium bromide, ammonium iodide, 
hydrogen chloride, a hydrogen bromide, and hydrogen iodide are known, and it is preferred to use 
one or more substances chosen from these groups as a substance made to react to tin oxide. 
Especially, ammonium chloride is a more desirable substance from a viewpoint of reactivity with 
tin oxide, stability, and expense. As for the reaction of ammonium chloride and tin oxide, in order 
to enlarge reaction velocity enough, it is preferred to carry out above 350 **. 
[0019]In order to investigate the validity of the method B, an experiment which is described 
below was conducted. It mixed on weighing and metal tin and tin oxide were put into alumina 
crucible so that an oxygen density might be set to 700 ppm (saturation solubility of oxygen to 
melting tin in 1000 **). Total weight was 400 g. This was heated at 1000 ** in a nitrogen 
atmosphere, and melting tin whose oxygen density is 700 ppm was produced. Then, it cooled 
slowly to each temperature of 1000 ** to 700 **, 600 **, and 500 **. As a result, tin oxide 
carried out generation surfacing on the melting tin surface. Subsequently, ammonium chloride 
was made to react to the tin oxide which carried out generation surfacing, it was made 
chloridation tin, and chloridation tin of the gaseous state was removed. 

[0020]With the sample cooled to 6 ppm and 500 ** with the sample cooled to 30 ppm and 600 ** 
with the sample cooled to 700 ** as a result of measuring the oxygen density in melting tin, it 
was 0.7 ppm. Each of these values was in agreement with the value of the saturation solubility of 
oxygen to melting tin at each temperature. 

[0021]The temperature of melting tin of the tin bath of a float glass manufacturing plant usually 
serves as the minimum at a tin bath exit, and the temperature is about 600 **. Therefore, the 
oxygen density in melting tin can be made with small 0.7 ppm more remarkable than the 
saturation solubility (6 ppm) of a tin bath exit by cooling melting tin to 500 ** and removing the 
tin oxide generated as a result as chloridation tin with ammonium chloride. 
[0022]The oxygen density in melting tin is the bottom in fixed quantity by secondary ion mass 



spectrometry (SIMS). Measurement of SIMS irradiates with a Cs^ primary ion beam the tin 

sample which cooled melting tin quickly and was solidified, and detects the 0~ ion by which it 
was generated as a secondary ion. The standard sample used for a fixed quantity was produced 
with ion implantation. 

[0023]The method B is explained using drawi ng 1 and draW]ng 2, Drawing J is a top view showing 
an example of the embodiment of this invention, and dr awin g 2 is the A-A sectional view. The tin 
circulation equipment 2 is installed in the tin bath 1, and as an arrow shows, melting tin 
circulates through the inside of it. 

[0024]The melting tin extract mouth 8 is formed in the tin bath exit 10 neighborhood which pulls 
out the glass ribbon 1 1 which was floated on melting tin in the tin bath 1, and was fabricated to 
tabular, and melting tin is extracted from there, and after removing the tin oxide which exists in 
the inside of melting tin, or the melting tin surface by the tin oxide removal tub 3, it pushes in 

the melting tin return port 9, and returns in the tin bath 1. 

[0025]The temperature of the melting tin 12 of the tin oxide removal tub 3 is lower than the tin 
temperature in the melting tin extract mouth 8, and it is made to turn into a temperature higher 
than the melting point of tin with the water-cooled cold plate 4. A desirable temperature of the 
melting tin 12 of the tin oxide removal tub 3 is a temperature lower 50 ** than the tin 
temperature in the melting tin extract mouth 8. After temperature up of the melting tin which 
came out of the tin oxide removal tub 3 is carried out using the heating plate 5 by an electric 
heating, it reaches the melting tin return port 9. 

[0026]Into the nitrogen atmosphere 13 of the upper space of the melting tin 12, as an arrow 
shows, it pushes in the gas introducing pipe 6, and ammonium chloride gas is introduced, and it is 
made to react to tin oxide in the tin oxide removal tub 3. With the exhaust pipe 7, the 
chloridation tin gas generated by this reaction is discharged by the exterior of the tin oxide 
removal tub 3, as an arrow shows. As for ammonium chloride gas, it is preferred to be introduced 
into tin oxide removal tub 3 inside after having been heated by the same temperature as the 
melting tin 12. 

[0027]Usually, at the tin bath exit 10 which is a minimum-temperature part of the tin bath 1, it is 
easy to generate tin oxide. Therefore, in order to remove tin oxide more efficiently, it is preferred 
to form the melting tin extract mouth 8 in the tin bath exit 10, as shown in drawing 1. As for the 
melting tin return port 9, in order to prevent extracting promptly the melting tin from which tin 
oxide was removed again, it is preferred to provide in the place distant from the melting tin 
extract mouth 8. It is preferred to extract melting tin from the tin bath lower stream, and to 
return to the tin bath upper stream, as specifically shown in drawj_n&l- 

[0028]Drawing 3 plots the oxygen density and the tin oxide number of defects (the tin oxide 
number of defects in case an oxygen density is 8.1 ppm is set to 1) of melting tin in a tin bath 
exit in a float glass manufacturing plant. The temperature of melting tin of a tin bath exit is 600 
**, and is usually minimum temperature in tin bath. The saturation solubility of oxygen at 600 ** 
is 6 ppm. 

[0029]Therefore, from draw ing 3, by making the oxygen density of melting tin in a tin bath exit 
into less than the saturation solubility (6 ppm) at the minimum temperature (600 ** which is tin 
bath outlet temperature) of melting tin in tin bath shows that the tin oxide number of defects 
decreases rapidly. 
[0030] 

[Effect of the Invention]According to this invention, the manufacturing method of the float glass 
which can reduce tin oxide faults can be provided. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Dra wing 1] The sectional view showing an embodiment of the invention. 
[Drawing 2] The A-A sectional view of drawing 1. 

[Dra wing 3] The graph which shows the oxygen density of melting tin in a tin bath exit, and the 
relation of the tin oxide number of defects (the tin oxide number of defects in case an oxygen 
density is 8.1 ppm is set to 1). 
[Explanations of letters or numerals] 
1 : Tin bath 

2: Tin circulation equipment 

3; Tin oxide removal tub 

4: Cold plate 

5: Heating plate 

6: Gas introducing pipe 

7: Exhaust pipe 

8: Melting tin extract mouth 

9: Melting tin return port 

10: Tin bath exit 

1 1: Glass ribbon 

1 2: Melting tin 

13: Nitrogen atmosphere 
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[ ai M # !j ] t# M ¥ 1 1-4 5498 

[ 111^ i^F m 7 IK ] 

C 0 3 B 18/18 
[ F 1] 

C 0 3 B 18/18 

[ M ^ili iH 3 

[ (H I I ] >r- ;;Jc 1 7 <r- 1 0>] 5 fj (2005.10.5) 

[ ^- M M lE 1 ] 

[ ftti iJ: %\ tH «ri ^, ] H/] SHI] i» 

[ M J - CD \H m ] 

[ ^§ Bij c?^ 4^. if<F 3 7 P - h ^ X O la B /j- J: t>' ^ CO ^ K 

[ # ,i'r- ,t,^ * « iiifi 3 

[IWiRifl 1 3 

fii Mi ife /« « iiti Hi ^ H CO ± ic rf^ i* ^ X ^ 7b-> -tt T K X ^ ^ 

X C73 ii {C :fo t, > T , ^ « CO ?^ Sii ^ « rti O ^ * ;t ^ . ^ fit « TfJ 1^ CO f ^ T 

© i^} Iff (c t/^ T , (fj ftife ^ « ic T -§) ^ « ^11 I!? * ?i 3 y h p - -r § > 7 p - h 

^ X CO ii jffi ?i o 

[ tfif * Jfi 2 3 

St ife ffi m m ^. m n - ^ m mn^ m m tk ^ H'a l . ik ^ l tz m m m m m 

L T I. ^ § ^ ^ £■ , mmi^kmmic m-t c t ic J;: . mmi^.mmi^] o) m m ^ m if o:> ^ m 
mm^. m Si ife m CO -r ^ T CO it m «5 0^ T , mm^mia^r ^mWi(Dmmmmm^m 

[czi y h ^~ lit ^ . 1 Mmoyy u~ h ^" ^ x co ii jiS /J ffi o 

[ JTi 3 3 

ri« fiiii! <fe « m iHo^mm^m o - ^ m ^ « m fie t m l . tki^ itiLrzmm^.m^ m m 
ife m \^]0)mmit:JMnmnum-Mmr' & K) mm^.mcomm}fx^ ^ t ims ;s ?it i-n l . 
tc . Mi tfe /s i: fig ^ t_co lii It; ic J; o T ^fe /^Jc $ n fiS m ^ m « ft' s /c {± ^ ifii (c ri- -r ^^.m 
mif^^ i^^it i;- , m St « m (c M -r c i: J; 0 . si ^ is rs i^j m Ht & m 'I' C73 fig #5 m fit 

^ . Mi <fe m m \^] o:> -t ^ X m *5 t , St Ife /s* fc jr^ -r -l. is? c^:) gi;! In iff ^» /i£ ^ ?iS ic a 

y h p - -r , as * 9i 2 ,id ic -7 p - h x co }i o 

c m m 4 3 

m M ^mmitVJ]^ . 5 jfl tc j; D [S^ i- 1- ^ . ;R Jfi 3 .Id «Sc co 7 P - h ^" v X co i£i /; „ 
[ M ;R JS 5 3 

H"i rid ± m mitv/}^ . ±mmitfd t uit^ L r ^it-r ^ V!5n i^iz-.-^ . u\.it-$ ^ c t 
I m ; )< m 6 3 

m <jij: m t)^ ^ X' & ^ . mMm. i ~ 5 o:,i,^-rnt)-^Bmo:>y u - h X o }a /J" ?i o 
[iiiKifL7_3 

rf> 1^1 c^J m Mi ^ g3 I. tc si ^ X ^ ?f- ^ T ^ X ^ |!j )^ t- ^ 7 p - h ^' 5 X 

m tc I ^ T . g^j r<^ i^^j o Mi g§ 't' (^)f(kM mi^^ . ^m[H(Dt (om ir\ ictsi^rm'M m ic 
Mt ^ mMc':>&d^] mmm-Mmic a y h u - ii -t ^ ni m 7L ^ m. 
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m r{j? St ig c/3 .1-. (c r^^ gj! ^ X % i"? -tt T ^ X ^ S!j -r ^ -7 p - h ^ 7.o:>mm. 
1$ B tc fe r . ^ 1^] m ^ g:> - §1^ ^ ^ g> IS # m t- ?^ St tfe ai L p a ftii IB ^ m e 

m ^ L tzmmm^i^mic m-t mmmm L a t ^ m ^ . t^-o . m i^mm t-^ ^ m ^ ^> \. tz m 
m % (c m fri' L r ^ mm ^\^^ J:: t mit li \'^^ nm^m ^ ^ . m ^mmio^^&i'f ^ ntzy u 

[ lift ;R JM 9 ] 

Hij rid m feiife gij ftc Hi Lilt m M ^itm is^ ^ m 1 0^ m tc . m ki m rfi g> & ^ ai t tz m mm^m 
i mMm \ 0 ] 

mi .E ^ lb ^ i;- « tj: . ii: g§ ^ ^ j1 -r ^ m ^ ^ m >i< m ? ~ 9 o ^ -r' n .11! 
1 1 ] 

tifj II! fb $8 lii^ a m u . m m m n t si^ o m n m ^ i^f icmit$^ ti>i i/g Lxmt-r ^ % 
m K-t ^ 'tA.\'^m Km h . m u k LrmtLtz a- ^ si^ tc fj^ m -r ^ iji^ %m t . 

C 5g h;j « p «ii ^ ?2i ] 
[000 1 ] 

[ 56 P;) « M ^ § fic ^-W ^i- ] 

* 58 h;^ < mitm'x )M ^ ® , ^ « ^ ic r § ^ m ? -tt ^ . 7 n - h ^- 

X « ly /j j; ^ 03 ^ IS tc IM) T i. o 
[0002] 

y u - h ij -y 7. oj m m ic r a . rfi i^^j mm^^com m m ^ iiij -r § c Tf 

!^ T- ^ o ^ « m O - . fn't ^ '|T {c if? L /g? ^ Tb'i . 7 a - h * V X « F [ft' S /i (i 
\:. [in (c ft ^S- L T $y ,'„', 'K i: ^ § <t ® ^t-: f& |A| i: ^ -2. b r -5 ^ 

[ 0 0 Q 3 ] 

i/t >t4 . sli fi^ 1^^] « ?ff m gy i: 0^ m m ^ \Vi ± t- § /c » tc. gy « t ^ § re tt m m m 

n . M « {•S A ^ P/i fc 46 (C ffi i« ffl # Bfl M ^' X L T A' mm <D M X f^'^f^X ^ ^ n . t 

n-et.^i5UA-t^wmo) m o^f^m^mi^-t^rz^ic^ t- « /k ^ x 7^*; lejj m icii^^; t ja 
s n r ?) o ^ *i . M M' (y? ^ fa A % p^' ih -r ^ fc 46 (c . ^ r^^ o f« ffj la n x « 
11-: ;-j ti gy r^f n i^ii « a i<c i t: j; d t g r- e (c .tii s n t ^ § „ 

[ 0 0 0 4] 

[ m ti'^ Wi \kL ^ o -r ,!« ;m ] 

ifi , m Ji< 0 In) I- rc 46 ic. ck D - H c?:) /g? ft fft M 46 n T § „ C c73 52! 

ic /-c.; X. ^ /c 46 (c , iif? fit gy ^ if? L T L S o (® ^ ^ « t « ^ L T gy ?S p^j « ii^f Mt g^ 
r1' « py? ^i-^ ifi ^ la K 5 # 1. iL*i rf-j ri ^ i: i. iii ifib^ o 

[ 0 0 0 5 ] 

t;^ * J; 0 fx =b n T S :7 □ - h X CO M ia /j r£ ic o T ti . g^ rf> « r?? Mt 1^ .1: 1'^is « sg 

rJi ffi: F ^ -ti § d i: (c J; 0 . i« g§ ^ O ^ « iig O fi'] M ^ K o T c ^ » L L . c ^ 

o /c /u iiS fii gy -\ W L T I. ^ tzmmnmA^ fa >■ ^ § ri i: L T ii o // ri t± t/ll flE W 

T- D . 'x/j Mi ii >ii fi<^ T ^ 

4^ 5g fi;j i± , u 1-. 0) ,!!(! M ft¥ i^ t- 7 n - h v X C3 i£i /J ji; J: t>' ^ ^ {ffl ^3 fS fit y 

[(3 0 0 6 ] 

4^ 56 ti , ife « Tf^ \H 0) m <^ H o:> \; (c Rt t*; ^ x ^ if- h± T ^S ^ X ^ $y ifl ^ :7 
a - h 7 X « Si Jiii // ri; (C *5 C ^ T . ^ fit Ife IjS ^ \H « rV? Mt -fe 'I' « (g? 4s ^ . m Mt <fe W ^ 
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F^^j O -r T © 4jJ- /fr (c *5 T . mB^micM-r ^mM(Dm^U'rHMlM-Jtit^ic a y h n — ;1/ -r 
, y vn - h i^' "7 7. (O m^^/l it: to ^ZS t o:>^m ^ « f § o 
[ 0 0 0 7 ] 

mi'ii,iK>!:\tLxmmicrj:^^m^it^fi^mitmxh^m-^\c'Di^X)^-<^. ^ *5 , ^ 

ft. m {c *5 m Ht ^ « ?S $ fc ti; ^ rf? {i M t^r #1 O +ft T fc § o 

[ 0 0 0 8 ] 

* ^8 H/j T- fi , m « ^/f ^- ii fi[ ^ . ^ (A] « -r X « tsj m tc *5 c ^ r , m m ^ 

ici^f ^f&M m r# ft* ;a * iiSS f i) c, c n (c j; D m « I. ^ ^ § m fc' I. ^ T €> (® 1^ 
)@ gS! ^11 :|>c fti tc D X. ^ l V, L fc o T . ft fBE 1^ f^J fit $8 l6 L T f § fig it % W 

5€ ^-}^ ^ iJ-. -e $ -I) . 

[ 0 0 0 9 ] 

^ fc- < i'?? Mik «^ IC ;r.t -r c':) gJi! fli if? ft/^ it (± iti /fi ffi N t i: t M L . Trans. Fa 

r a d a y S o c . , 6 1 (19 6 5 ) ^ \ iiQ-^ { \ ) < 1^ x^^fj^ h >^>^ ^ r\ 

^ „ F j;^ {c I. > r , c /)S -j' % 3i /i; efc! ft ?g ft* ^ , t ffi >r-i ffi, ^ « tA r ^ 

[00 1 0 ] 

[g5( 1 ] 

logioLd-c)'^^ c]=-5670/T+4. 12 

[001 1 ] 

n «j « m it 15 © ^ ^- za a ^ . §^ ?s ^ o -r ^ r © W\ tc *5 1 ^ r fi@ ft m ft? /a * riss ^ 
fzibicu. m m \H CO m ^ - m t)^ ^ t& ^ L X . m m m l x ^ m m ^ m m 
n tc m ai L T . ic m ^ m m m -r c t f^Hf ^ L I' u m m -c- i,i r^. < - 

-r § C (c ct; 0 . m fSt 18 « It iH /g ^ 4^ W ic fft jgc g o 
[00 1 2 ] 

4: IW t,^ T . S8 l-^J CD Ht 'P c?:) ii ;i£ ^ , m l>^] CD f T CD m m tc *3 (- ^ T ifli 

rj^ m m m m -r § ;y ri; . t ^jit)-^ . m st Jiy ic -r /t « eio ft m ft^i? ist u jg « k i: i: t tc 

z/S '> r d i: ^ ^iJ /li f § 7j ?i ^ J-X T flJi H>1 f ^ o 

d /; ri; . rf? i-^] C3 Hi i§ ^ tic ^ m L T . m m CO 14 iig CO a fa s it -li iiS T 0 mo) 
. (c & ^ (ii L fc m m^M ^ m ^] I.C m f ^ <D X h ^ . 

[00 1 3 ] 

c on'ff,. -ffi 3- (li L /c m mm^m m i^j « ?s ^ « m s /s * K) mo:>m sii ^ d t rs i ^ 
u )J2 tc ill -r ^ c t {c J: 0 . ^ rf> p*^! tD mm (Dm i& u m tc w -t ^ii ff? w J: ic m ft* l 

T I. ^ ^ I® 5^ ti l« i: ix J-l; L T (t it ^ tc ^ D . d c;) (g? it Ii1t ii § „ ^ c^3 $2 3^. TfJ tc 

$ n fc «t « (gf ii /if ti r<5 1^1 c?j -r ^ T CD m tc i,^ t ft ft? ;a * riss ^ =, 

mitm^litli-t^^imt L T t± , 6 >gr ftH^ ^ /y A ^ it '-/^ /x tc.; ^ ffl § // ili b t)^^ tf 

^ n o 

[00 1 4 ] 

/j ri A c'J 5 tc t± ?g Bt S L ic < m n ^ m rj: If n i,i fji h rj: „ c CO gi .hU /j^ f± 

, U 'i' A T S - >> A U - h ^ i /jJt i: -r -S t c?:) . T ;l/ 5 ^ :ii /^X ^i- i: -r § t c?:) , 

T 5 -j; X. U y - h ^ ^i- i: -r ^ t « , n - x -f h ^ ± /j)c 5}- i: T ^ O *3 <i; 

/ii* it ^ /^Jt ^J- i: t- 1 1?:* 6 ^ § ct 0 j1 t* n !f%i M ^ 

« M ^ ill t ^ -5 . -tr V ^ >y ^ -7 -< ;l/ ^ /^)^ 'S- tt i) 4ft iii |g . ic,; ;'j . o:> ^i^.ti^ h\k^& 

[00 1 5 ] 
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m X. (i\ [fil /£ jrt T -»t X /J^ ^ -tr 5- 5 'y ^ -7 ^ ;l/ ^ ti hM^Vif^J- < <t M W ''ikfUltZ 

(5 ii" g i: -y- -r . * ^ tc 5% ^ tc L T <$e /fi ^ n #ft is 'JM # ft w -r § sij i® f± '> ^ < , 

^ ?> tc 6 0 0 r fifj ?g T « ffi m T- n fbj fei 'M)^^ 'his <. xmis o c n « , u m r^r )i 

= :^ -j7 A ■> U y - h ^ i fi)c ^j- i: -r ^ t C73 ^ jg fS' ?t ^ j- -T:- ^ o 
[00 1 6 ] 

- fi , i'[ i;j x\: $ /c A ^ ^ +>■ -r X « ^ fr « /-t; >j m if^b^tzisb^cWi^m -'M & ^ .v. tf ^ 

!iS; ^^'i ^ 0 . 1^ it y -r ^ v. /;Jt ^> i: -r t CO c:) fi(5 /ij ^(/- S L ^ o c/3 i 1 00 °c fsl 

« X' fill ili ^ (i . U 'ja /a * J: If 'i^ S Ti*! fc 0 . T ;l/ ^ ^ ^ 1^ /j)c 5j- i: "T ^ t O ^ iiti /tl 
-r ^ c: i: Tb'i iij^ S L V ^ o -tr 5- 5 -y 7 -i- ;l/ ^ CO ■ rip if? 18 fc J; -9 ^ tii ^ . -t ^ = -y 

^ y ^ )i ii mmm <D mu'^ m\c ^ ^ mm^ m <•■ /c 46 #ft -js ^sc % $ < ^ >iL^ if to 

[00 1 7 ] 

^ fc, r?? Mi! IS 3^ [Hi OS ;'j iBi 1/^ o T- . ?t ^ 5 )1 ft ^ t# § /c {i . M'- ^ ?l if 6 

0 0 ^ rn ~ Z 0 0 0 |i m D s -^t 4^ 6 0 % W h T' ir = ^ 7 ^ ;!/ ^ HJ i. ^ i) 

c ^(r- * Li. ^ „ f- -fL 6 0 0 n m^'m<Di^^ . ]±)]m')iif-x^-t^x m m -t 

•7 ^ 'y ^ -7 ;U ^ Mi -r- t i& i/^ *5 € ti Tb"! $) ?) o ¥ i^J iNll t^)^ 2 0 0 0 /i in % ffi ;^ § 4} ft 

. ^ }iS f ^ t It fk 0S ^^■^ M ii^ -r § *5 n § o ^^HL Tb"! 6 0 % ^ tis; is- . /± ;j ttj ^ t)'^ j< 
1^ -r €x mm.iuii-b'y i -y ^ y -{ ji ^ ^ mm X- ^ ^jii^ is t tL io^ So ^ o 

[00 1 8 ] 

/irJxB mitm t ^htiLx ^it^ ^v/}m tmitm t ^ sihi:-.^ ^ . ^ s /-l; ^t^. /jJc it*/i * n 
tc -t^f th -r 1 © T- o 

K ft ^ i: R /-S L . ^ to K ;j)c !t^!i m i* i: ^ § K L T t± . IS it 7 > * - <> A , it 

T > ^ - -i^ A . 3 -j? it T y r. -j; A . IS it ^- . ^ it J\< M ^ ^ U 3 y it yi< M t>'^ %U i n X 

0 s it $^ il /X AC.; 5 ^ !|*>!/ « i: L T « C n ^ © fff J; D ia fS' n -§> I lU. 1: (D '\^/) K ^ ft] ^ C t 

/j'i <(f $ L I ^ o T <t > liHt T > -t ^7 A i± . ^ it IS t O /x re; ft , iS: Ai£ ft $5 ^ U m /H « Si 

;.U ^ . J; 0 W- S Li, > if!^ H $) ^ c. 

IS it 7 > t A (g? it o K tc.; . ix /J.; it ^ ?t ^jMc ^ < -r ^ 46 (c 3 5 o "C J-X 

h xnm-t ^ d <h /^}^ w s L „ 

[00 1 9 ] 

;^ ri B -ft- ^ SIS ^ § fc 46 (c r {c ^ d; ^ ^ !^ ^ f r o fc . 

T )V ^ i- m iUhl^ s ^ ?S iS Tb"; 7 0 0 p p m ( 1 0 0 0 °C T cO j"^ IIJ (C W f ^ g? CO g|!i ^11 

mmiM) ti-ji^ ^ o ic^m^ tmitm^nmn r) z.. m-^Lx Knrc ft fit- wimn a o o 
g i: L fc „ c n ^ ^'f iitj M T 1 0 0 0 'cicfiwmL . mMMiUi)'^ 7 0 0 p p m o) m m m 

^ i1=' Hi L fc „ ^ C3 ^ 1 0 0 0 "C 7 0 0 °C . 6 0 0 °C . 5 0 0 °C « ?a ;5 $ T -p < 

D L /c. ^ o U\ > fsti Si ^ ifii tc it %^ io-^ ± m r/- 1 l /c „ -x^^x. u-: n i-. l re es it 

fc JS it T y ^ - A * J!x /i; ^? -li- T tti it ^ L . i^ 4/; fig c;) JS it ^ ^ i- t /c. 

[0020] 

8* ^ Pfi c?:> ^ rH /S ^ iW ^ L fc $S * , 7 O O 'C^Xn Lrc'& y-f )VX\t 3 O p p m . 6 
0 0 "C $ T- L /c -y- ^ y (± 6 p p rn . 5 0 0 °C $ T? iU L -9" > 7° ;b T" « 0 . 7 p p in 

-c- fe o /i „ c n ^ (?:) ijfi ti v> -rn t ^ (c *3 It § ^ ic w -r ^ (t ^ CO fiii In riS m )ii « iiK i: 

- & L fc „ 

[ 0 0 2 1 ] 

7 p - h V X $y 7° 7 > h c?:) S§ rfJ « IS « /t (i . iin ?S « ^ «1 ill WXm^tfj:^). 

^ o:i ffil 15 !i r-j 6 0 0 °c T ^ . L 7i)"i 'J T . m m ly ^ 5 0 0 °c ^ t n £ii l . ^ « m i- /jJc 

L fc (ys it IIJ 'gr IS it T > t r: 7 A {C cfc D iS it ly i: L T Hit ii -r § C i: (c d; 0 . j-f? IS 't' c^3 ^y? 

?! Ifi ^ IS r<> ,4i 11 o:,m^\\mm]il ( e p p m ) D « L < /J^ ^ ^ 0 . 7 p p m i: L -5 § o 

[ 0 0 2 2 ] 

^ ^ , m IS If CO fi :^ -< Tf- > K S 5> rr ( S 1 MS) \c ^ <o 'oL m. t. fc o S 1 

M S c;:i jjlij ^ (i , IS ^ £|) L T |A) it $ fcIS -9- >■ 7" ;U tc C s ' ^ y ^ - U 
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^ WA S-t L . 1 :^ ^ ^ > i: L T ^4. L O " -< > ^ 1^ "T ^ t « T $> ^ o ^ m ic m 

mumi. ^ y a a r£ (c o sii l rc o 

[ 0 0 2 3 ] 

ifi i«i T 0 . 2 (i ^ « A - A itiT iii a -5 o 
^ r<? 1 (c (i ffi- ^ ,ia n 2 Ti-: ga II $ n > ^ co rfi ^ t -r ^ 9 r?{ ^ ^^j^ iiB ^ -r ^ „ 

[ 0 0 2 4 ] 

^ 1 « f?^ St ^ « h K n- 1,^ ^ X >^AK\c jiiB L tcii 7. ^) 7T< y \ \ ^ ^Jl ^ m 1" ^ ff^ Hi I I 

1 0 ft )ii ic m m. li Jic (ti L ui 8 ^ as . ^ c rgf sjj is ^ $ m l . ?g liit i- w 3 x m m. 

m '4^ ^ /c « y-i^ n a ifli -CiS ft f i) ^ -fb ^ ^ 11^ 5; . ^ u L ^^ 9 ^ t L X ssim \ \^] ic 

[ 0 0 2 5 ] 

m it m m :ix m 3 (D m mm I 2 (Dum^i. 7K <^ $ n rz i1^ ^ 4 K) . mmm^u a\ 1 1 1 s 
*5 It ^ ?a /if cfc t < , m (D m ^ K) ^ m mm t ^j: ^ ^ o -t ^ o ly? f t 111? i;- tf 3 

« fff fS4 ^ 1 2 {if ^ Lt/ ^ m > r?^ Ht is tit til L L -1 8 {c *5 J; D t 5 0 "C i ^ iti m 

X'$) ^„ f&it m lii? Jim 3 ^ Hi /c m St m « M /jn mic^^ im mm 5 ^ m\^'X n a s n m . 
mmnrA L I -J 9 (c -r i) o 

[ 0 0 2 6 ] 

m.\tw,UMm 3 [c^\.^x f<t . mm^ \ 2 « ± si^ m « :s m m 1 3 tc . 'ii eij t /-j^ -r 

cfc 9 (c '><t W A it 6 ^ fc' L T IJi it T > * - -j; A X ^ » A L . /g? ft i: /x Tc.; $ ^ § „ C 
« iii (-6 {c j; o T 1^ ijJi L tti it Si ^' X (i flf ^ S 7 {c <t 0 , ^ E|J "e fi's f J; ^ ic (g? ^ lilt is ^« 3 
o:> ^ nuc m W:^ IS t\ ^ o ^ 43 . i^i fb r > ^ r. -t; x St i 2 t [ffj i; \& \c /ju ? n /c 

« m xf^itm lilt £- M 3 giwc w A $ n § c i: ti^ w * l i.^ o 

[ 0 0 2 7 ] 

M n {tmr-a \ o:)m. fa © /is f;i5 -r- & s§ a.', r i i o ic *5 r <s ft ^. /^Sc l ^ -n.^ c, b fc/b'i 

0 T , (g? ft is ^ J; D -a 4? rf.j i!^t at ^ TzibKit . m i ic >r< -t ^ o is 4ii l ij s is 

ai I I 1 0 Idli tj- § c i; A'! W- ^ L v^ „ S fc, (g? ft SS TbMit ^ $ n ft? Ht ^ ^ fii % (c n m^k^ 

Hi f c ^ is/j 11-. -r § i6 (c , m Ht ss L n 9 (i m m is ai lu s t-^ ^mntz m m ic .1^ tt 

d i: W S L ^ W Bl 1 tc cfc ^ tc , r^f St ^ t± IS itf >" j^ii p> J^i ^- Hi L . mm 1: 

fjft K -r c i: Tb'^ tif $ L 1.^ o 

[ 0 0 2 8 ] 

ta 3 i± . y a - h io' ^ ^mmy ^ y h ic ^ . mm ai i: i x « rfj st is ^3 it m lutmit 
m'xj^^ (mMmmt,'^ 8 . i p pmcot^<Dmitmo<}kL'^^ i t-r^) ^T^D-y h ufct 

« T & „ is m IH P © ilS St fS « ?£A 6 0 0 °C T- 0 > iM -ftt Ci is m tc 4b- § ftl ffi rU IM X 

3b ^ o $ fc. 6 0 0 °C {C 43 tt ^ fg[ ^ to fig In ?^ W ;a « 6 p p m T- ^ o 

[ 0 0 2 9 ] 

L fc o T i«i 3 5. , IS a T o Ht ^ (?:> It ^ tg ^ . i§ i^j m ii 03 « ffi ja ffi ( 

Ssj m ai 1 1 rii ;if T- § 6 0 0 "c ) tc 43 ct § ea lu if? ft^ /iE ( e p p m ) * nii tc -r c i: j; d . 

[ 0 0 3 0 ] 

[ 5£ iiJ j « itt ] 

^ rvi (c cfc n m\tm X .4i^mmx ^ X2- h ^ x « sii ;^ is t o:>-&m ^ 

1 m iffi « ffij tjt ^ sJi n;i ] 

[® 1 ] 4^ 52 IV! « -A- iTti « )K *g ^ -r rr ifil Ls<i . 
[ ls;J 2 ] M \ o:> h - k rr ifii r^^l 

[ m 3 ] is m ai 1 I T « m St is ® ^ ?1 i: I5g ft is X ,',',> «i( ( rJS ^^^^ 8 . 1 p p m « $ 
« (85 ft is A 2& * 1 i: r ?) ) o IM] fl^ ^ >rx -r ^ V „ 

[ n 5} O ,1% llj] ] 
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